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Abstract
Solar corona, the last main layer of the atmosphere of the Sun, is detectable in the EUV and
X-ray. The corona is expanding into space up to millions of kilometers and is observable during
the eclipse. The temperature is increasing about millions of Kelvin. The investigation of this
layer is significant for solar physicists because it is dynamic and features. Active regions (AR)
and solar mass ejections (CMEs) are the important features in the solar corona. In this research,
the solar limb and coronal width is studied from full-disk images at 284 taken by SOHO/EIT
during eleven-year period (2000-2010). Next, using image processing methods and by applying
region growing function, the corona is segmented and extracted from images in different angles.
The radial velocities of CMEs are extracted.
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1 Introduction
The study of the Sun is developing through the combination of observational data and numerical
MHD simulation (see e.g. Ganjali et al. (2019)). Wave propagation in the magnetic flux tubes is
one of the most fundamental problems of MHD theory to describe the physics behind the several
solar phenomena. In this regard, a comprehensive research about the wave propagation inside
and outside the magnetic flux tubes has been studied by Esmaeili et al. (2015, 2017); Esmaeili
et al. (2016). On the other hand, the solar surface is covered by small-scale features during the
solar cycles. Statistical properties of these features are important subjects of solar physics (Arish
et al., 2016; Honarbakhsh et al., 2016; Javaherian et al., 2014, 2017; Yousefzadeh et al., 2015a,b).
Rozelot et al. (2015) analyzed radius dependence on wavelength (from X-ray to radio waves)
using the data sets published in the literature. Lefebvre, Rozelot (2004) also developed a new
method of detecting features at the solar limb, such as active regions (sunspots and faculae)
or supergranulation. Damé et al. (2000) review the scientific goals linked to the diameter
measurements. Verbeeck et al. (2013) introduced a set of segmentation procedures (known as
the SPoCA-suite) that allows one to retrieve AR and CH properties on EUV images taken by
SOHO-EIT, STEREO-EUVI, PROBA2-SWAP, and SDO-AIA.
Selhorst et al. (2019) analyzed the lower limit of the polar brightening observed at 100 and
230 GHz by ALMA, during its Science Verification period, 2015 December 16-20. They found
that the average polar intensity is higher than the disk intensity at 100 and 230 GHz.
Kosovichev, Rozelot (2018) presented results of a new analysis of twenty one years of
helioseismology data from SoHO and SDO, which resolve previous uncertainties and compare
variations of the seismic radius in two solar cycles.
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Rozelot et al. (2018) investigated that the Their new look on modern measurements of the
Sun’s global changes from 1996 to 2017 gives a new way for peering into the solar interior and
play an important role in the implementation of the solar cycles.
Rozelot, Damiani (2011) provided a new perspective on the controversy which followed
measurements made in Princeton (USA) in the mid-1960s. They pointed out how false ideas or
inexact past measurements may contribute to the advancement of new physical concepts. Rozelot
et al. (2016) also studied the Evolution of the subsurface meridional flows obtained from the
5-years of the SDO/HMI observations during Solar Cycle 24. S. Lefebvre (2007) studied the
solar surface radius variations from SOHO during solar cycle 23 (1996-2005) to put constraints
on the radius changes. Kilcik et al. (2009) also investigated that the eclipse data show significant
variations of the solar radius observed over time scales shorter than one year. d
This paper is organized as follows, our proposed method is introduced in Section 2. In
Section 3, the results of implementing our proposed method are presented. The main conclusions
is also presented in Section 4.
2 Method
Using the methods of images processing and applying the function of region growing for the
coronal segmentation, we address the area of this region of the sun’s atmosphere at different
line of sides. To this end, after applying a circular mask on the disk, we segment the remaining
regions by applying the growth function of the region; and according to the nature of the problem,
one or more points are selected as seed for the growth of the region. First, we select an arbitrary
pixel in the region as the seed cell. The next step is to apply threshold intensity, which is very
important to select this intensity. Here, we test some intensities; and the threshold intensity for
the above function will give us better images. We choose the same intensity for all the images.
The higher the threshold intensity, the more pixels are selected. On the other hand, by selecting a
low threshold, some parts of the regions may be lost. However, all the pixels in the atmosphere
are specified by selecting a proper threshold. In the next step, after selecting the proper threshold,
the four seed point neighbors are subjected to threshold testing to join or not join the seed.
This trend occurs for all pixels in the region, until the regions join and create the desired
region with the desired threshold intensity. The image segmentation is performed based on
intense changes in the intensity values such as image’s edges. The result of applying function of
region growing along with its cut image is shown for an image, Fig 1.
The obtained region is investigated at different angles. The chart of the number of pixels at
different angles is shown in Fig. 2. As observed in this figure, and by analyzing the consecutive
data series in this wavelength, the number of pixels in the region is plotted in terms of angle. It
has peaks and valleys; the peaks represent the fact that the corona has the highest atmosphere at
the peaks; and in the valleys, the corona atmosphere is at the lowest level, indicating a periodic
principle in the solar atmosphere chart. In this research, by collecting data1 for an 11-year cycle,
we did the same and obtain a chart for corona width for each day. We could also plot the mean
corona width for each year and extract the maximum and minimum values of each year. In the
following, the average corona width was plotted for the entire 11-year cycle. We also recorded
data about active regions and CMEs2, designed to guide sun researchers, in order to investigate
the statistical data on the sun. The diagram of the distribution of solar latitude and longitude
of the active regions, the mean histogram of the active regions’ area, and the diagram of the
CMEs’ histogram are plotted based on radial velocity for all years. Ultimately, the maximum
and minimum values have been investigated in all of these charts, and the relationship between
the active regions, CMEs and solar latitude and longitude has been analyzed.
1http://sdac.virtualsolar.org/cgi/cartui
2www.lmsal.com/hek/hek/isolsearch.html
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Figure 1. Left: Original image at 284 Åwavelength taken by SOHO satellite on 7 o’clock,
January 10, 2005; right: image of the corona area after applying the growth function of the region
separated from the background.
Figure 2. The number of pixels in different line of sides.
3 Results
In this research, we have calculated the corona width over an 11-year solar cycle using ultraviolet
images at a wavelength of 284 Å. To this end, SOHO satellite data (AIT) have been employed.
To advance our goals, we have used programs written in MATLAB environment. The output
of the software is in charts based on the numbers in different angles (intervals of 1 rad.). As
observed in the diagrams, the extracted widths have maximums and minimums, indicating the
periodic changes of the corona over the 11-year cycle. In this chapter, first the average corona
width in the 11 years is investigated. Then, in the next step, the physical parameters of the active
regions, such as solar latitude and longitude, and their area are represented in the charts for the
11-year cycle. Finally, the radial velocity distribution of the CMEs is presented.
Coronal Width
As observed in Fig. 3, the chart has some maximum and minimum values. It can be claimed
that the corona has the highest atmosphere in the peaks and its lowest value in the valleys. The
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Table 1. Average, minimum and maximum values (in mega meters) for coronal width in an
11-year cycle.
min max average year
1878 4078 2846 2003
488 4145 2064 2004
473 3763 1842 2005
213 2573 1126 2006
0 2294 406 2007
336 2119 1175 2008
359 1868 1098 2009
522 2604 1446 2010
204 2988 1282 2011
183 3078 1536 2012
295 3625 1609 2013
average corona width is shown about 554 pixels. This chart has two maximum values of about
5.2 to 2.3 radians and two minimum values in the values of 5.1 to 5.4. The average corona width
Figure 3. Distribution of pixels by angle for an 11-year cycle.
in 2003 has been more than other years. As expected, in this year, the solar activity has been also
higher; and in 2007, it is less than the other years, and as expected, the solar activity is low.
3.1 Distribution of Active Regions (in Area)
In the following, the area of active regions over a solar activity cycle from 2000 to 2010 is
represented using a series of data. In Fig. 4, the distribution of area of the active solar regions in
a solar cycle has been represented. The maximum area of the active regions is about 20 mega
meters. On the chart, the line y = ax+ b is fitted in the logarithmic representation with the
slope of a=−0.091. The average area of active regions is about 743 square mega meters. The
minimum and maximum values are 21 and 9900 square mega meters, respectively.
3.2 Radial Velocity
The radial velocity of coronal mass ejections (CMEs) has been extracted by means of various
recorded data in a solar cycle from 2000 to 2010. The radial velocity distribution is represented
in Chart 4.5. The maximum radial velocity of the coronal mass ejections is at a velocity of
220km/s and the velocity range has been recorded at the minimum of 99 and maximum of 999.
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Figure 4. The distribution of active regions (in area) for an 11-year cycle.
Figure 5. The radial velocity in terms of the number of CMEs for an 11-year cycle.
4 Conclusion
In this study, for measuring the area of this region of the solar atmosphere at different angles, we
used the image processing methods and applied the growth function of the region in order to
segment the corona. Then, after applying a circular mask on the pill, we segmented the remaining
regions by applying the growth function of the region and selected appropriate threshold intensity,
and this trend was occurred for the entire pixels and corona width was plotted. Moreover, changes
in solar latitude and longitude, radial velocity and active regions distribution were obtained.
The corona width over a cycle has significant changes and varies from 150 to 850 mega
meters. Therefore, a layer with specific corona boundaries cannot be provided at all times. The
number of active regions in an 11-year solar cycle has a significant equivalent periodic cycle.
The solar cycle is obtained from counting the number of sunspots known as the butterfly chart.
To extract possible alternatives, the obtained chart for the number of active regions in a cycle
requires more analysis for extracting possible cycles. Currently, the existing data are available at
most for solar cycles 23 and 24, and the debate may be evolved in the future with the completion
of data. To this end, more data are needed to be analyzed for several cycles, so that the period of
the number of active regions can be extracted in terms of time.
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